インドネシア・ジャワ沈み込み帯におけるスンダブロックの回転運動とプレート間カップリングの時空間的特徴に関する研究 by KUNCORO Henri
Rotation of the Sunda block  and
spatiotemporal characteristics of the
interplate coupling in the Java subduction
zone, Indonesia
著者 KUNCORO Henri
号 80
学位授与機関 Tohoku University
URL http://hdl.handle.net/10097/00122934
（別紙様式５）                                       
 
論 文 内 容 要 旨 
(NO．1) 
氏  名 Henri Kuncoro 提出年 平成 29 年 
学位論文の 
題   目 
Rotation of the Sunda block and spatiotemporal characteristics of the interplate 
coupling in the Java subduction zone, Indonesia 
（インドネシア・ジャワ沈み込み帯におけるスンダブロックの回転運動とプレート間
カップリングの時空間的特徴に関する研究） 
 
論 文 目 次（Table of Contents） 
 
Acknowledgements  i 
Abstract  ii 
Contents  iv 
   
Chapter 1  Introduction 1 
1.1  Background of This Study 1 
1.2  Objective of the Dissertation 2 
    
Chapter 2  Tectonic Background 4 
2.1  Tectonics of Sunda Block 4 
2.2  Tectonics of Sumatra Block 7 
2.3  Tectonics of Java Block 10 
   
Chapter 3  Data and Processing 14 
3.1 
 
Indonesian Permanent GNSS 
Station Network 14 
3.2  SuGAr Network 14 
3.3  SEAMERGES Project 17 
3.4 
 
Earthquake Slip Vectors and 
Geological Slip Rates 17 
3.5  GNSS Data 21 
3.6  GNSS Data Processing Strategy 21 
 3.6.1 GAMIT Solutions 21 
 
3.6.2 GLOBK/GLORG 
Solutions 21 
3.7  Time Series Analysis Method 22 
 3.7.1 Effects of Earthquakes 22 
 3.7.2 Model Parameters 29 
 
3.7.3 Reference Frame 
Transformation 36 
 3.7.4 Error Estimation 37 
   
Chapter 4  Kinematic Block Modeling 44 
4.1 
 
Modeling of Block Rotation and 
Fault Coupling 44 
4.2 
 
Block Modeling for the Period 
1994 – 2004 47 
4.3 
 
Block Modeling for the Period 
2007 – 2016 58 
4.4  Checkerboard Resolution Test 66 
   
Chapter 5  Discussion 69 
5.1  Rotation of the Sumatra Block 69 
5.2  Characteristics of Sunda Block 74 
5.3 
 
Interplate Coupling beneath Java 
Block 75 
   
Chapter 6  Conclusions 85 
   
References  86 
   
Appendix A  92 
Appendix B  127 
Appendix C  131 
（別紙様式５）                                       
(NO. 2) 
 
Abstract 
 
The Southeast Asia region is mostly surrounded by active subduction zones in which the Australian plate, the 
Indian plate, and the Philippine Sea plate submerges beneath the continental plates and blocks. The Sunda block 
covers the large part of the Southeast Asia region, which comprises of Indochina, the South China Sea, the 
northeastern part of Sumatra, Borneo, the northern part of Java, and the shallow seas in between. In the 
southwest, The Sumatra block and the Sunda block are separated by the Sumatran fault, while the Sumatra block 
and the Australia plate are separated by the Sumatra trench. To the south, the Java block covers the southern part 
of Java Island, Bali Island, Lombok Island, and Sumba Island. One of the most important active deforming 
boundary is the Java subduction zone. The spatio-temporal distribution of slip deficit rate is important very much 
to elucidate the seismo-tectonics and to assess the seismic hazard risk in this area, since Java Island is 
world's most populous island which is home to 57 percent of the Indonesian population.  
In this study, I collect the GPS data in the whole Southeast Asia region as many as possible for the period from 
1994 to 2016, and process the original carrier phase data of GPS using GAMIT/GLOBK version 10.6 to obtain 
the consistent velocity field in the newer International Terrestrial Reference Frame, ITRF2008. The velocity field 
thus obtained is utilized to update the Euler rotation parameters of the Sunda block in ITRF2008, and confirms 
the boundaries of the Sunda block. Not only determining the rotation parameters of the Sunda block, I also 
model the long-term slip rates between the adjacent plate and blocks, the Sumatran fault, the Baribis-Kendeng 
fault, and the Trans-Borneo fault. In addition, I model the distribution of the slip deficit rates on the Sumatra 
subduction fault and the spatio-temporal distribution of slip deficit rates on the Java subduction fault. 
A geodetic inversion code, TDEFNODE is used to model simultaneously the block rotations, homogenous strain 
rates, and locking distributions on block-bounding faults. In this study, I assume four major blocks, the Sunda 
block, the Sumatra block, the Java block, and the West Makassar block together with the Australian plate. The 
blocks are divided as polygons based on the boundaries defined by Bird (2002) and Koulali et al. (2016), and 
some modification based on the knowledge of faulting and the velocity field. I used the slab model from Hayes 
et al. (2012) to represent the Sumatra and Java subduction faults. In order to express the slab surface beneath the 
Sumatra block, several nodes were located every 200 km along the iso-depth contours of the slab model with 20 
km depth interval. The Sumatran fault has set to be full coupling in the depth range from 0 km 15 km and nine 
nodes along each iso-depth contour with an interval of 5 km are located based on the bending of the fault trace. 
On the Java subduction fault, the nodes have been located every 100 km along the iso-depth contours with an 
interval of 20 km. The nodes in the other faults such as Baribis-Kendeng fault and Trans Borneo fault system are 
assumed to be fully coupling in the depth range from 0 km to 15 km.
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The combination of campaign and continuous GPS observations in the Southeast Asia reveal the long term block 
rotations and elastic deformation near the block boundaries. The results in this study suggest a model of block 
motion based on the GPS velocity fields that comprise the Sumatra, Sunda, Java, and West Makassar blocks in 
and around Indonesia. The estimated Euler pole parameters of the Sumatra and Sunda blocks are estimated as 
their locations at (37.4°S, 106.8°E) and (46.2°N, 89.4°W), respectively, and their angular velocities of 
0.371°/Myr clockwise, and 0.327°/Myr counter clockwise, respectively. These parameters result in the slip rate 
of the Sumatra fault with magnitude of ~9 mm/yr. The Euler pole parameters of the Sunda block are successfully 
estimated with the smallest estimation errors among the previous studies and this confirms that the block is 
rotating separately from the Eurasia plate. The parameters are quite similar to that estimated by Simons et al. 
(2007) but more reliable since I adopted the careful inversion based on the statistics. The homogenous strain 
estimated in the Sunda block explains the velocity field much better than without it and yields the residual 
velocities smaller than 2 mm/yr. 
The distribution of slip deficit rate on the Sumatra subduction fault is characterized by fully locking in the area 
between 97°E and 102°E in the depth range from 0 km to 60 km, which overlaps with the rupture area of the 
1797 Sumatra earthquake (M8.4) and the 2007 Mentawai earthquake (M 8.4). The distribution of slip deficit rate 
on the Java subduction fault demonstrates consistent deformation pattern throughout the period studied. In the 
first period from January 2007 to September 2009 a partially locked area is detected in the western part in the 
depth range from 10 km to 40 km with the rates of 20 – 45 mm/yr, which increased in the second period from 
September 2009 to April 2012 by about 10 mm/yr, and then decreased in the third period from April 2012 to 
December 2016 by about 10 mm/yr. The partially locked area in the middle part is revealed with the rate of 20 – 
50 mm/yr in the depth range of 20 – 50 km. In addition, a fully locked area exists in the south of Bali Island with 
the slip deficit rate of 40 - 70 mm/yr even though there is no evidence of large earthquake in the last 100 years. 
The slip deficit rates from September 2009 to December 2016 are characterized by an elongated locking area that 
extend ~600 km in length from the middle to the east off Java Island including the deeper extension of the 
rupture area of the 1994 Java earthquake (M7.8). Overall, the distributions of slip deficit rates in all periods 
suggest persistent interpolate coupling. This indicates no significant variations in the spatio-temporal 
distributions of slip deficit rates in the period concerned. 
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論文審査の結果の要旨 
 
Henri 君の論文は，全地球測位システム（GNSS）データを用いて彼の母国であるイン
ドネシア周辺のプレート・ブロックの回転運動やジャワ島沖プレート境界及び内陸主要断
層のカップリングレートを同時推定した研究である．インドネシアでは，2007 年頃から
全国をカバーする GNSS 観測網の整備が始められ，2011 年頃には最大 60 数点となったが，
インフラやセキュリティ上の制約から長期にわたって欠測する観測点も多かった．そのよ
うな悪条件の中で，プレート・ブロックの回転運動はともかく滑り欠損速度の時空間分布
を推定しようという本論文のテーマは挑戦的な内容となった． 
解析を進めるに当たり事前に行った分解能テストの結果でも明らかになったように，
島弧横断方向には最大でも 4 点程度しか観測点がないため，特にプレート境界浅部の滑り
欠損については殆ど分解能がない状況であったが，陸域に近いプレート境界上については
島弧に沿った方向での滑り欠損は推定できそうだということで研究が進められた．その結
果，プレート境界の深さ 20km 以深では概ね全域にわたって強い固着域が推定された．ジ
ャワ島沖沈み込み帯では，過去 100 年間に発生した大地震のマグニチュードの上限が 8 弱
に限定されていることから，カップリング率が低いという認識があったわけであるが，本
研究で得られた結果は，少なくとも上記の深度では，固着によるひずみが蓄積されている
ことを示唆しており，今後大地震が発生してそれを解消するのか，あるいは地震性滑りを
伴わないゆっくり滑り等によって解消するのかといった同地域の地震発生リスクを考える
上で極めて重要な基礎的研究となる． 
ジャワ島沖についての先行研究では，早い時期に観測網の充実がはかられた西部に限
ってプレート間固着の空間分布が推定されているが，ジャワ島沖沈み込み帯全域について
の研究はこれまで出版されておらず，オリジナリティの高い研究である。したがって、
Henri 君提出の博士論文は、博士（理学）の学位論文として合格と認める。 
 
 
